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Commentary: On the road toward
routine use of 3-dimensional
techniques in complex
congenital surgery
User-friendly 3D visualization tools translating into
congenital surgical planning.

CENTRAL MESSAGE

Three-dimensional (3D) technol-
ogies can aid in planning
congenital surgeries and are
increasingly being translated into
clinical practice, including the use
of physical 3D-printed models
but also agile visualization tools
such as 3D .pdf files.
Giovanni Biglino, PhD,a,b,c and
Massimo Caputo, MD, FRCSa,b

The goal of a successful repair in patients with tetralogy of
Fallot, pulmonary atresia, and multiple aortopulmonary
collateral arteries (MAPCAs) is to provide flow to the great-
est number of lung segments.1 It is therefore fundamental
for the surgeon to understand the relationship of the collat-
eral vessels to other mediastinal structures, such as the
trachea and esophagus, to plan the best surgical approach.
Three-dimensional (3D) printing and visualization tech-
niques are emerging as potentially valuable tools to inform
the management of patients withMAPCAs, allowing recon-
struction of 3D anatomic relationships from imaging data.

From an early small case series including 6 patients with
pulmonary atresia with ventricular septal defect and
MAPCAs reporting the surgeons’ liking of the increased
visualization of the vascular anatomy,2 isolated cases have
highlighted the usefulness of 3D-printed models in similar
scenarios, including:

� children with pulmonary atresia with ventricular septal
defects and MAPCAs assessed for repair with right
ventricle-to-pulmonary artery conduit3 or central shunt4

and unifocalization;
� a patient with DiGeorge syndrome, tetralogy of Fallot,

pulmonary atresia. and MAPCAs5; and
� an adult patient with complex tetralogy of Fallot, pulmo-

nary atresia, and MAPCAs undergoing redo surgery to
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address increasing load on the right ventricle because
of undersized conduits.6

The study by Ghosh and colleagues7 presents 3 cases of
tetralogy of Fallot undergoing unifocalization for 4 to 5
MAPCAs for which, on top of the 3D-printed physical
model, a 3D .pdf file was also provided to the surgeon as
an additional visual aid, based on the information
reconstructed from the computed tomography angiograms.
The 3D .pdf file is a simple interactive tool allowing for
rotating the 3D volume, zooming in/out, and removing
anatomical structures. The authors note, in line with
previous evaluation of 3D models in various congenital
scenarios, that this tool substantially contributed to spatial
orientation, particularly appreciating the position of the
collaterals with respect to the pulmonary arteries. Perhaps
even more interestingly, the authors mention that the
models were ‘‘quickly adopted by the cardiothoracic
surgical group,’’ becoming ‘‘part of routine pre-surgical
planning for this patient population.’’

Large, multicentric trials are still rare,8 yet the
enthusiasm for 3D technologies remains high. This applies
to physical models and 3D .pdf files but also to more
immersive modalities, such as 3D virtual reality models
for visualizing intra- and extracardiac structures.9 Although
hard clinical outcomes and the potential impact of the use of
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3D technologies on variables such as reduced bypass time
or decreased radiation dose during fluoroscopy are
indisputably needed, it is interesting to consider these tools
from a design angle, in light of improved user experience,
where the ‘‘users’’ encompass surgeons and cardiologists,
but also nurses, anesthetists, patients, and families.

3D visualization tools, as those presented by Ghosh and
colleagues, can elucidate a structural issue and allow to
remove structures to enhance such insight, where—in the
words of German artist Hans Hofmann (1880–1966)—
‘‘the ability to simplify means to eliminate the unnecessary
so that the necessary may speak.’’
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